Abstract-The aim of the authors' research is to gain better insights into the effectiveness and user satisfaction of anthropomorphism at the user interface. Therefore, this paper presents a between users experiment and the results in the context of anthropomorphism at the user interface and the giving of instruction for learning sewing stitches. Two experimental conditions were used, where the information for learning sewing stitches was the same. However the manner of presentation was varied. Therefore one condition was anthropomorphic and the other was non-anthropomorphic. Also the work is closely linked with Hartson's theory of affordances applied to user interfaces. The results suggest that facilitation of the affordances in an anthropomorphic user interface lead to statistically significant results in terms of effectiveness and user satisfaction in the sewing context. Further some violation of the affordances leads to an interface being less usable in terms of effectiveness and user satisfaction.
INTRODUCTION
The research area of the main author of this paper has been aiming to discover if anthropomorphism at the user interface improves interaction in terms of effectiveness and user satisfaction. While several other researchers have also been investigating similar issues for a number of years, overall there is still a lack of clear evidence to answer the basic question of whether anthropomorphism is effective and preferred by users. In previous studies by the main author (e.g. [11, 12] ), it has been suggested that a lack of facilitation of the affordances at the user interface could be a primary reason for an interface not being effective and that the presence of anthropomorphism is more secondary in nature compared to the affordances being appropriately facilitated. These arguments were based on the observations of previous experiments on various prototypes and the data collected.
While it is acknowledged that context etc can play a role, the authors would argue that if the matter was so 'simply explained', the results of researchers across the world would be more closely aligned. However, this is not the case, the results overall tend to not follow a clear pattern. In some cases anthropomorphism appears to be better and in some cases the opposite seems true.
Anthropomorphism at the user interface typically involves some part of the user interface, taking on some human quality [5] . Some examples include a synthetic character acting as an assistant or a video clip of a human [2] .
Therefore, this paper presents the next important stage of the authors' work. This stage has involved developing one anthropomorphic user interface that facilitates the affordances and a contrasting (but identical in content) nonanthropomorphic user interface that deliberately violates in a subtle manner the affordances (a future stage aims to try the opposite, i.e. a non-anthropomorphic interface that facilitates the affordances and an anthropomorphic interface that violates the affordances). This differs significantly from the main author's previous work, because the previous software prototypes developed and tested were not specifically designed to facilitate/violate the affordances. However their aim was to evaluate anthropomorphic feedback. Furthermore this research is novel in that as far as we know, no one has linked the affordances with anthropomorphic feedback and more practical hands-on activities such as sewing.
The next section will present some key related literature. Following the brief literature review, the details of the experiment will be presented along with the main statistically significant results. Then the paper will conclude with a discussion in terms of the results and the affordances.
II. KEY LITERATURE
One of the purposes of this section is to inform the reader about some of the current work carried out in connection with anthropomorphic feedback and to show that there is sometimes disagreement in the results of whether such feedback is more effective and preferred by users.
David, Lu, Kline and Cai [4] report the details of a study involving three experimental conditions in the context of a quiz about ancient history. The authors were looking into different anthropomorphic cues. These were the gender of a character and attitude and user perceptions about the character connected to quiz success. The overall results of their experiment indicated that anthropomorphic cues led to users believing the character to be less friendly, intelligent and fair. This result was linked with the male character and not with the female character. This suggests that anthropomorphic feedback (at least in some forms) may not be the best approach. Also, Prendinger, Ma and Ishizuka [19] investigated the use of eye tracking for data collection. Prendinger et al specifically tested an animated character with gestures and voice, voice only and text. The context for this work involved showing users around an apartment via a computer monitor. Their main findings were that the character condition seemed to be better for directing 'attentional focus' to various objects on the screen. However the voice only condition fostered more attention on the part of the users towards 'reference objects' on the screen. They also observed that the text only condition induced participants to look at the text more than the character, in terms of gaze points. Finally, subjective aspects were inconclusive. Despite this study having some experimental flaws, such as having very small sample sizes, it does indicate that using an anthropomorphic entity is not necessarily better than other modes.
Furthermore, Qiu and Benbasat [20] investigated anthropomorphic agents in the context of an agent recommending products to users. They wanted to see the effects on users' 'social relationship' with an e-commerce system. In their study they observed that the anthropomorphic agent had a positive influence on users in terms of 'social presence', trust, enjoyment and future use of the 'system'. Therefore this study suggests that the anthropomorphic agent fostered positive interactions and thoughts from the part of a user.
However in an earlier study by McBreen, Anderson and Jack [15] the use of different embodied agents in different retail type domains was investigated. The retail domains they tested were cinemas, travel and banking. The agents they tested were female and male in each of the domains and formal/informal dress in each of the domains. Having conducted an experiment with this scenario, the basic results they obtained were that although participants rated the systems positively overall, no significant effects were found in participants' ratings for some applications (it must be noted however that exactly what they were rating was not clear from the paper). There were also no significant effects found for questions relating to how participants perceived the 'services' they used (e.g. likelihood of using the service in the future, convenience and ease of use etc.). Participants were also given the opportunity to select their preferred domain. This gave significant results showing the cinema domain to be the preferred one. The reason participants mainly chose the cinema domain was because of the issues of trust and errors. Overall, the cinema domain was seen as less of a problem should 'something' negative happen, e.g. it is better and more acceptable to miss a movie due to some error than say a flight to some destination. There were no significant effects for the gender and the type of agent for any of the domains tested with respect to the participants being asked if they approved of the voices used. Participants were also asked if they found the voices irritating. This gave a significant result showing that the female formal voice was preferred over the male formal voice. Also significance was found for the naturalness of the voices issue, where the female voice was considered to be more natural compared with the male voice. No differences were found for issues of agent friendliness, competence and domineering attitudes. However, there was a significant effect showing that participants had a preference for the formally dressed agent in the bank domain. The last significant effect was that participants expressed the opinion that the agents in the bank domain should be formal and that the agents in the cinema domain should be informal.
The study by McBreen et al [15] is not so clear cut as the study by Qiu and Benbasat [20] . McBreen et al found issues of lack of trust and no significance in terms of reusing the system at a future time. Therefore there are some contrasts in results with these two studies in the retail/e-commerce type context.
As stated at the outset, the main author of this work has also been working in this area for a number of years (e.g. [9, 10, 11, 12, 13, 14] and sometimes the results are not consistent with each other.
In a previous study conducted by the main author of this paper [10] in the context of PC building instructions, an anthropomorphic character condition was tested against a nonanthropomorphic text condition. For this experiment the main results for effectiveness (based on errors) were inconclusive. However the results for subjective satisfaction tended towards a preference for the anthropomorphic interface.
In contrast, another study by Murano [9] in the specific context of English pronunciation, showed with significant results that using an anthropomorphic feedback was more effective, where the feedback helped more with the users' selfcorrection process in pronunciation. However in terms of user satisfaction, the results were inconclusive. The experiment had Italian participants with imperfect English pronunciation. Tasks involving pronunciation exercises were used where either an anthropomorphic (video of a human) or non-anthropomorphic (guiding text and diagram) feedback was used to assist in the correction process.
This brief review of some of the work already carried out by others and the main author of this paper, indicates that the findings do not always agree with each other across the whole range of work and is therefore worthy of further study. The last part of this literature review will discuss the concepts of affordances so as to inform the reader about the concepts and more clearly see how they were used in the experiment detailed in subsequent sections of this paper.
The concept of affordances was initially devised by Gibson [7] . Gibson was the first researcher to systematically study and propose physical affordances. As the affordances in relation to a computer user interface are different to the affordances discussed by Gibson, a detailed consideration of Gibson's theory is beyond the scope of this paper.
However affordances have been reinterpreted for application to user interfaces. Norman [17, 18] and Hartson [8] are the main sources of the reinterpretations, with more lightweight contributions from Gaver [6] and McGrenere and Ho [16] where they started to apply affordances to computer systems and to decompose affordances into different components. For brevity this paper will only briefly review Hartson's contribution as in the authors'opinion Hartson's contribution is the most substantial.
Hartson [8] identifies cognitive, physical, functional and sensory affordances. His rationale is that when doing some computer related task, the users are using cognitive, physical and sensory actions. Cognitive affordances involve 'a design feature that helps, supports, facilitates, or enables thinking and/or knowing about something' [8] . One example of this aspect concerns giving feedback to a user that is clear and precise. If one labels a button, the label should convey to the user what will happen if the button is clicked. Physical affordances are 'a design feature that helps, aids, supports, facilitates, or enables physically doing something' [8] . According to Hartson a button that can be clicked by a user is a physical object acted on by a human and its size should be large enough to elicit easy clicking. This would therefore be a physical affordance characteristic. Functional affordances concern having some purpose in relation to a physical affordance. One example is that clicking on a button should have some purpose with a goal in mind. The converse is that indiscriminately clicking somewhere on the screen is not purposeful and has no goal in mind. This idea is also mentioned in McGrenere and Ho [16] . Lastly, sensory affordances concern 'a design feature that helps, aids, supports, facilitates or enables the user in sensing (e.g. seeing, feeling, hearing) something' [8] . Sensory affordances are linked to the earlier cognitive and physical affordances as they complement one another. This means that the users need to be able to 'sense' the cognitive and physical affordances so that these affordances can help the user.
The prototype developed to deliver instruction on two sewing stitches and to also take into account the issues of facilitating and violating the affordances, was in terms of the affordances as interpreted by Hartson.
III. THE SEWING EXPERIMENT

A. The Two Modes of Feedback and the Affordances
The anthropomorphic condition consisted of a video of a human describing how to perform each relevant stitch. Whilst the verbal description was taking place, the presenter also performed the actual stitch with a needle and fabric. This facilitated the affordances as described above, because the cognitive affordances were facilitated in that they supported the attempt of learning how to perform a stitch. Seeing the flow of a stitch occurring in a video aided this affordance. In this type of interface physical and functional affordances were less relevant. However the sensory affordances were also facilitated because the video amply helped the sense of seeing and hearing the instructions at the same time.
The non-anthropomorphic condition used a series of static diagrams showing the various stages of the stitches. Next to each diagram there was also some explanatory text for the user. The text was the same as the verbal description given in the anthropomorphic condition. This condition subtly violated the affordances because the series of diagrams and text did not facilitate as well the user in learning or knowing about the stitches due to the static and staged nature of displaying the steps to sew a stitch. This in turn would not have facilitated the sensory affordances because some aspects of 'flow' in performing a stitch would have been lost in this condition and therefore did not aid well the human ability of seeing or observation.
B. Hypotheses
The aim of the experiment was to check if anthropomorphic interface feedback would be more efficient and result in better user attitude, than non anthropomorphic interface feedback in the context of learning sewing. Also the anthropomorphic feedback was developed to facilitate the affordances, while the non-anthropomorphic feedback was developed to subtly violate some of the affordances. Testing the following hypotheses was a part of achieving the above aim.
Positive Hypothesis 1a: Participants will perform better in the easier sewing tasks after being instructed by the anthropomorphic feedback.
Null Hypothesis 1b: There will be no difference in performance for the easier sewing tasks regardless of feedback mode (anthropomorphic/non-anthropomorphic).
Positive Hypothesis 2a: Participants will perform better in the more difficult sewing tasks after being instructed by the anthropomorphic feedback.
Null Hypothesis 2b: There will be no difference in performance for the more difficult sewing tasks regardless of feedback mode (anthropomorphic/non-anthropomorphic).
Positive Hypothesis 3a: Participants will feel more positive while performing the easier sewing tasks after viewing the anthropomorphic form of instructions.
Null Hypothesis 3b: For the easier sewing tasks there will be no difference in positive perceptions on the participants' part.
Positive Hypothesis 4a: Participants will feel more positive while performing the more difficult sewing tasks after viewing the anthropomorphic form of instructions.
Null Hypothesis 4b: For the more difficult sewing tasks there will be no difference in positive perceptions on the participants' part.
Positive Hypothesis 5a: Participants will have a more positive attitude overall, using the anthropomorphic application.
Null Hypothesis 5b: There will be no difference in participants' overall positive perceptions.
C. Participants
There were 40 participants recruited. Participants were initially approached by the experimenter and were requested to participate in a software evaluation based on sewing. They were asked only once and not pressured to take part if they did not initially agree. This was because if they did not wish to take part in the experiment, pressuring them to do so could have negatively affected the results as the participants may have been unmotivated. Once initial agreement was granted by the participants, they were asked to complete a pre-experiment questionnaire which elicited various aspects of their past experiences.
For this experiment it was deemed to be necessary to have novices in terms of sewing skills as the prototypes developed were designed with novices in mind. Therefore the recruitment aimed to find participants with no hand or machine sewing experience and no engagement in having extensively observed others sewing in the recent past. However participants with button sewing experience were allowed as it was considered that this skill would be quite common and difficult to completely filter out and that sewing a button is quite different to sewing a particular series of stitches in a particular 'pattern' on a piece of fabric. However, in order to be sure that button sewing experience did not affect the results, the data collected during the experiment was scrutinised in terms of the averages for performance variables. The results indicated that button sewing experience and lack of such experience did not greatly affect the averages (data not included for brevity).
It was a requirement to have participants that were fluent in English. Recruitment from the university population facilitated this aspect as native English speakers would be at the appropriate level and any non-native English speakers from overseas would have a minimum English level requirement for being granted a place to study at the university.
Computer experience was also a factor that was controlled. It was deemed to be important to have participants with a comfort level in using computers, applications and basic software installation. Also all participants had a minimum of between 1 and 3 years of experience and used a computer at least 2-4 times per week.
Since the tasks involved participants actually trying to sew some stitches with a needle and fabric, it was necessary to have participants with normal or corrected eyesight, no motor control impairments and no weakness in hands. Participants with such impairments could have had difficulty in using a sewing needle.
Furthermore, the participants chosen for this experiment were right handed. Left handed participants were excluded, as pilot tests were conducted with two left handed participants to see if the prototype instructions on sewing were suitable for left handed participants as well. The participants had trouble performing the tasks. One of them mentioned that any instruction which includes hand movements in a certain direction was hard to follow for left handed people. Lastly, the age of participants ranged from 20-35 years and each participant was randomly allocated to one of the two experimental conditions (anthropomorphic or non anthropomorphic).
D. Experiment Design
The participants were recruited randomly and were allotted one of the two applications, anthropomorphic or nonanthropomorphic. The experiment was a between users design. This design was chosen so as to avoid learning effects with the relevant sewing stitches to be used.
1) Anthropomorphic
and Non-Anthropomorphic Applications: We developed two applications, one with anthropomorphic feedback and the other with nonanthropomorphic feedback. Both applications are Windows forms applications. Both began with the instructions on how to use the application and a briefing about the experiment itself. They then contained two sewing tasks each. Each Task is a tutorial with instructions on a type of sewing stitch followed by a test to perform the sewing stitch. Both the applications had the same two stitches instructed. The medium of instruction in the anthropomorphic feedback type application was a video of a person demonstrating the stitch. On the other hand the nonanthropomorphic application had the same instructions in text format with a graphical illustration. The instructions given in both applications for each of the stitches was exactly the same, even though the medium was a video or text. This was done to ensure that the level and accuracy of information in both types of application was exactly the same, so as not to create a bias for any one type of the application.
2) Pilot Testing: Before the prototypes and procedure were used in the actual experiment, some pilot testing was undertaken. Regarding the stitches used, a sewing professional was consulted regarding the suitability of the stitches and the ensuing discussion led to the use of back and chain stitch. These were chosen so that the prototype concepts could be demonstrated with contrasting stitches (i.e. one easier -back stitch, and the other more difficult -chain stitch). The instructions were taken from various websites e.g. [1, 3, 21] etc.
Furthermore, testing of the instructional content was carried out with a couple of users and these led to some improved phrasing in the instructions and diagrams initially used, for the non-anthropomorphic condition. The videos used in the anthropomorphic condition were also revised to be clearer, by altering the shooting angle. A change in the shooting angle also resulted in a better contrast with the fabric, needle and thread being used.
Once these changes had been carried out, the two conditions and experiment procedure were once again tested by two participants. The results then gave confidence that the actual experiment was ready to be carried out with real participants.
E. Variables
The independent variables were (1) the types of feedback presenting the information (anthropomorphic and nonanthropomorphic) and (2) Type of Task (performing back stitch and chain stitch), where the values obtained from the performance data were included in the analyses (i.e. not the tasks themselves).
The dependent variables were the participants' performance in carrying out the tasks and their subjective opinions.
The dependent measures were that the performance was measured by timing how long it took to complete 5 stitches, the number of correct stitches made, the number of partially correct stitches made, the number of incorrect stitches made and the number of revisits to the instructional material presented. Each stitch (back and chain stitch) was identified as being composed of several sub-stages. Therefore if a participant only achieved one or more sub-stages, but not all required sub-stages to complete a stitch, this would be categorised as a partially correct stitch. However all sub-stages completed correctly would be categorised as a correct stitch. An incorrect stitch would be one that had no correct sub-stages completed.
The subjective opinions were measured by means of a postexperiment questionnaire. The post-experiment questionnaire was divided into three main sections. The first section contained general questions regarding the appearance and organisation of the information of the prototypes, including elicitation of the participants' feelings during the interaction. The second section contained questions relating to the tasks. These questions concentrated on the participants' feelings during the stitching tasks and on the actual information relating to the instructional material. The third section was open ended in terms of participants expressing opinions for improvement for presenting such information. Furthermore, observable attitudes noted on the observation protocol used during the experiment, were also used as a measure.
F. Materials and Apparatus
The materials used were:
• A laptop on which the experiment took place. The screen resolution was 1200 by 800 pixels with the highest (32 bit) colour quality. The laptop speaker volume was kept to 50% and the volume of media player control in the anthropomorphic application (windows forms application) was kept on its default value.
• Threaded needle.
• Plain cloth mounted on a frame.
• Pre loaded applications (anthropomorphic and nonanthropomorphic) on the laptop.
• Observation protocol, pre-experiment and postexperiment questionnaires.
• A meeting room on the university campus was used for conducting the experiment.
G. Procedure and Tasks
All participants did the experiment individually in the presence of the experimenter alone. Each participant took around 25 minutes to perform the complete experiment.
Upon arrival to the venue, each participant was allotted the same desk in the room, a comfortable chair and the same laptop was given each time. These details would ensure the participants did the experiment with maximum and equal concentration and that no bias was introduced by treating participants differently. Just after being greeted in the room by the experimenter, as a method for briefing the participants on the experiment, they were asked to read a small note on a sheet of paper just as they entered. The briefing note contained some simple details about the study, its purpose and some procedural aspects the participant would need to expect. It also stated that the participants were not personally being evaluated, but that the evaluation was of the software. The experimenter did not give any instruction out verbally. This again tried to ensure the same treatment for all participants.
Before beginning the experiment the participants were given a pre-experiment questionnaire to ensure participants had the required profile (see participants section above). The preexperiment questionnaire elicited basic demographic information, sewing experience skills, knowledge of using computers, English proficiency and possible impairments causing potential bias, e.g. hand weakness etc.
Then the participants were allotted one of the two applications randomly. Regardless of experimental condition, participants were treated the same, and asked to proceed in the same manner. There was no difference in the two experimental conditions except in the anthropomorphic feedback condition, the application had videos for the two tutorials and in the nonanthropomorphic application the tutorials consisted of text along with graphical illustrations. Therefore the instructions were exactly the same.
The participants allocated to the anthropomorphic condition also carried out a small sound check to test the volume settings. A sample piece of sound from one of the videos was played for the sound check which simply said 'Good work you've just learned back stitch'. If required they could adjust the laptop volume to their needs if it wasn't audible enough for them. As there was no sound in the non-anthropomorphic condition, this sound check step was not required.
The next stage was to commence the experiment and run the software. Firstly the software gave the participants an introduction about how to use the application. Then some information about the experiment was presented. It consisted of explaining about the two tasks they would do.
After the introduction was completed the participant clicked 'next' to begin task 1 and reach the tutorial page. Here they were asked to begin viewing or reading the tutorial on Back stitch and told that they could go through the tutorial as many times as they liked provided they told the experimenter. They were informed it would help the experiment if they gave the true figure and it was nothing to do with their performance. The alternative of showing text for an average reading time to ensure participants read the text only once was considered. However that could have led to an anxious feeling in participants and thus possibly creating bias. This was therefore not implemented. Further, the bottom of the window prompted the participants to verbally describe their feelings to the experimenter after going through the tutorial, of which the experimenter made a note. After going through the tutorial participants could go to the next window. Here they read instructions for the test. In the instructions participants were asked to try and repeat 5 continuous stitches given in tutorial 1. The participant could choose to go back and view the tutorial again on the condition that they would have to restart the test and do all 5 stitches each time they went back to view the tutorial. Before they could start the participants were given a plain piece of cloth and a threaded needle. The experimenter recorded the time to perform the test and a count was kept of the total number of times the tutorial was viewed. Also, the experimenter made a note of participants' attitude when they were carrying out the task. After finishing task 1 participants pressed 'next' to reach the 'Break' window, where they were asked to have a short two minute break.
Task 2 began after the participants completed task 1. Task 2 was designed in exactly the same way as task 1. The task proceeded in the same way with the same rules as described above. Everything was the same except the stitch participants http://ijacsa.thesai.org/ were shown and asked to reproduce was the more difficult Chain stitch.
During each task, participants were discreetly observed and a specially designed observation protocol was used to aid this process. The protocol was used to record the time taken for each task, the number of correct, incorrect and partially correct stitches achieved and outwardly manifested participant attitudes. The protocol was particularly useful concerning the recording of stitch accuracy. This is because it is easier to see an incorrect stitch as it is being formed, rather than at the end of the process.
After finishing both tasks the participants were asked to complete a paper based post-experiment questionnaire (see Variables section for a brief description of the content of the questionnaire) using a 5 point Likert type scale. In all cases a 5 score was the most positive score that could be allocated.
H. Results
The data were analysed using a multifactorial analysis of variance (MANOVA) and when significance was found, the particular issues were then subjected to post-hoc testing using in all cases either t-tests or Tukey HSD tests. This was for confirmation of significance. For brevity the post-hoc test results are not presented here. Also for brevity, only the summary data concerning significant results are presented here. The distribution summary data is presented in Appendix I below.
However, the following tables in this section present the significant results for the MANOVA analysis. While all aspects in each table have their purpose and importance, the reader's main attention is drawn to the F Ratio in bold font of each table, where the discussion will tend to concentrate on these figures. Furthermore, the abbreviation DF (Degrees of Freedom) is used in each MANOVA table. Then the Experiment Discussion section below will discuss the results in light of the issues being investigated.
For the variables task 1 -number of correct stitches, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The anthropomorphic condition produced significantly more correct stitches than the non-anthropomorphic group (see table I). For the variables Task 1 -number of incorrect stitches, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The anthropomorphic condition produced significantly fewer incorrect stitches than the non-anthropomorphic group (see table II). For the variables number of correct stitches produced for task 2, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The anthropomorphic condition significantly produced more correct stitches for the more difficult task, than the non-anthropomorphic condition (see table IV). For the variables number of incorrect stitches produced for task 2, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The anthropomorphic condition made significantly fewer incorrect stitches for the more difficult task, than the non-anthropomorphic condition (see table V). For the variables number of tutorial visits for task 2, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The anthropomorphic condition visited/viewed the tutorial significantly fewer times, than the non-anthropomorphic condition (see table VI). The above summary tables, concern the performance data that was recorded as part of the experiment. Now follows the summary data concerning the subjective opinions of the participants. As stated above, these opinions were elicited by means of a post-experiment questionnaire. In all cases these responses were on a five point Likert type scale where totally positive scores were ranked as 5 and totally negative scores were ranked as 1.
For the variables of having a feeling of clarity whilst going through the tutorial for task 2, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The participants in the anthropomorphic condition rated the tutorial with a significantly higher positive score for feelings of clarity in relation to the tutorial and the second task, than the non-anthropomorphic condition (see table VII). For the variables of having a feeling of satisfaction whilst going through the tutorial for task 2, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The participants in the anthropomorphic condition rated the tutorial with a significantly higher positive score for feelings of satisfaction in relation to the tutorial and the second task, than the non-anthropomorphic condition, i.e. the participants in the anthropomorphic condition felt significantly more satisfied (see table VIII). For the variables of feeling stimulated whilst going through the tutorial for task 2, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The participants in the anthropomorphic condition rated their feelings of being stimulated with a significantly higher positive score in relation to the tutorial and the second task, than the non-anthropomorphic condition i.e. the participants in the anthropomorphic condition felt significantly more stimulated (see table IX). For the variables of having a feeling of satisfaction after viewing the tutorial but before doing task 2, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The participants in the anthropomorphic condition rated their feelings of satisfaction with a significantly higher positive score in relation to the tutorial and the second task, than the non-anthropomorphic condition, i.e. the participants in the anthropomorphic condition felt significantly more satisfied after viewing the tutorial and just prior to actually doing the task (see table X). For the variables of feeling stimulated after viewing the tutorial but before doing task 2, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The participants in the anthropomorphic condition rated their feelings of being stimulated with a significantly higher positive score in relation to the tutorial and the second task, than the non-anthropomorphic condition i.e. the participants in the anthropomorphic condition felt significantly more stimulated after viewing the tutorial and just prior to actually doing the task (see table XI). For the variables of, a feeling of clarity whilst carrying out the task, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The participants in the anthropomorphic condition rated their feelings of clarity whilst carrying out task 2 with a significantly higher positive score, than the non-anthropomorphic condition i.e. the participants in the anthropomorphic condition felt significantly more feelings of clarity whilst doing the task (see table XII). For the variables concerning a feeling of satisfaction whilst carrying out the task, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The participants in the anthropomorphic condition rated their feelings of satisfaction whilst carrying out task 2 with a significantly higher positive score, than the nonanthropomorphic condition i.e. the participants in the anthropomorphic condition felt significantly more satisfied whilst doing the task (see table XIII). For the variables concerning a feeling of satisfaction for the overall learning experience, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The participants in the anthropomorphic condition rated their feelings of satisfaction for the overall learning experience with a significantly higher positive score, than the nonanthropomorphic condition (see table XIV). For the variables concerning the perceived ability to remember the stitch learned, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The participants in the anthropomorphic condition had a significantly higher positive score, than the nonanthropomorphic condition, i.e. participants in the anthropomorphic condition felt they would be able to remember the stitch they had learned (see table XV). For the variables concerning the overall experience of carrying out the two sewing tasks, experimental condition, age range and gender, there is a significant (p < 0.05) difference. The participants in the anthropomorphic condition perceived the tasks overall to be significantly easier, than the nonanthropomorphic condition (see table XVI). For the variables concerning the quantity of on-screen information, experimental condition, age range and gender, there is a significant (p < 0.05) difference. The participants in the anthropomorphic condition perceived the quantity of onscreen information to be significantly better, than the nonanthropomorphic condition (see table XVII). For the variables concerning ease of understanding of the overall task instructions, experimental condition, age range and gender, there is a significant (p < 0.01) difference. The participants in the anthropomorphic condition perceived the overall task instructions to be significantly easier to understand, than the non-anthropomorphic condition (see table XVIII). For the variables concerning ease of understanding of the instructions for task 1, experimental condition, age range and gender, there is a significant (p < 0.05) difference. The participants in the anthropomorphic condition perceived the task 1 instructions (tutorial content) to be significantly easier to understand, than the non-anthropomorphic condition (see table XIX). For the variables concerning ease of understanding of the instructions for task 2, experimental condition, age range and gender, there is a significant (p < 0.05) difference. The participants in the anthropomorphic condition perceived task 2 instructions (tutorial content) to be significantly easier to understand, than the non-anthropomorphic condition (see table XX). 
I. Experiment Discussion
The results show a clear pattern suggesting that the anthropomorphic user interface was more effective and preferred by users. As expected the first task did not show many significant differences, because this involved a simpler stitch. However, crucially, despite the first task being simpler, the errors were significantly more in the non-anthropomorphic condition. The majority of significant results pertain to the second task which involved a more complicated stitch. Therefore the manner of presenting the instructional material had a more serious effect on the success of users and their perceptions about the interface.
The results give some confidence in accepting the stated positive hypotheses, which are reproduced below for convenience and are discussed in relation to the results presented in the previous section. Also the discussion will include the details of the affordances:
Positive Hypothesis 1a: Participants will perform better in the easier sewing tasks after being instructed by the anthropomorphic feedback. This clearly was the case as can be seen in tables 21 and 22, which showed with significance that the anthropomorphic condition incurred more correct stitches and fewer incorrect stitches. However the times taken for the first task were not significantly different.
Positive Hypothesis 2a: Participants will perform better in the more difficult sewing tasks after being instructed by the anthropomorphic feedback. This was shown to be true as can be seen in tables 23 to 26. These show that the anthropomorphic condition was significantly faster at completing the task, incurred more correct stitches, fewer incorrect stitches and fewer overall tutorial visits (which implies a more immediate/confident understanding of the stitch).
The data suggest that the facilitated affordances in the anthropomorphic condition did indeed have an effect. The cognitive affordances were facilitated by means of having a video of a human demonstrating the stitches. This better supported participants as they could see a stitch being performed in full flow, which is rather different to having to interpret a series of diagrams with accompanying text (as was the case in the non-anthropomorphic condition). Also the sensory affordances were better facilitated in the anthropomorphic condition. This is because the video of a human helped users to 'see' in full flow how a stitch should be made. This aspect of 'seeing' is very much a component of sensory affordances as discussed by Hartson [8] . While the non-anthropomorphic condition also had material for a user to 'see', it was deficient in terms of 'seeing' the flow of how to perform a stitch and therefore how to more easily go from one sub-stage to the next sub-stage so as to complete a full stitch and then a subsequent series of stitches.
Positive Hypothesis 3a: Participants will feel more positive while performing the easier sewing tasks after viewing the anthropomorphic form of instructions. This is less clear that the other hypotheses discussed in this section. However the authors cautiously accept this positive hypothesis because as can be seen in table 39, the participants in the anthropomorphic condition perceived the instructions for task 1 (i.e. the tutorial) to be significantly more easily understood, which shows a slightly more positive feeling. However not included in this paper, for brevity, the means of other non-significant results are in line with the anthropomorphic feedback being more effective and eliciting more positive user perceptions. Some examples include the number of tutorial visits being fewer for the anthropomorphic feedback and all the factors eliciting user perceptions had higher positive means for the anthropomorphic feedback (i.e. the non-anthropomorphic feedback was perceived more negatively).
Positive Hypothesis 4a: Participants will feel more positive while performing the more difficult sewing tasks after viewing the anthropomorphic form of instructions. This was also shown to be true as can be seen in tables 32 to 34. These suggest that participants in the anthropomorphic condition had more positive feelings of clarity and satisfaction. Also table 40 suggests that the instructions were significantly more easily understood under the anthropomorphic condition.
Positive Hypothesis 5a: Participants will have a more positive attitude overall, using the anthropomorphic application. The significant results also suggest this to be the case. Table 35 shows that participants felt more able to remember the stitch they had learned under the anthropomorphic condition. Also tables 36 to 38 show that positive perceptions were incurred for more general aspects, e.g. the experience, quantity of on-screen information and the task instructions being understandable. Furthermore, tables 27 to 31 suggest that participants in the anthropomorphic condition maintained a more positive attitude whilst going through the various stages of the experiment, i.e. from viewing the tutorial right through to carrying out and completing the task.
As can be clearly seen, the results for positive attitudes are strongly in favour of the anthropomorphic feedback. This is also linked with the cognitive and sensory affordances being better facilitated as discussed above. This is because users will tend to have a 'feel' (i.e. they may not consciously know why or how they 'feel' about something such as an interface) for a user interface that they perceive to have helped them well (or not). This is suggested by the results for the non-anthropomorphic condition, where it was consistently rated more negatively than the anthropomorphic feedback. Clearly the fact that overall users tended to make more errors, took longer for the tasks and viewed the tutorial more will have contributed to the more negative perceptions about the 'system'.
IV. CONCLUSIONS
The results agree with the expectation that the anthropomorphic feedback which facilitated more the affordances would have been more effective and preferred by users. The fact that the non-anthropomorphic feedback subtly violated the affordances resulted in more errors being committed and as one would expect, the users perceived that the feedback was not as good as it could be and therefore under several factors (see above) rated the non-anthropomorphic feedback significantly more negatively than the participants in the anthropomorphic condition. http://ijacsa.thesai.org/ When particularly the cognitive affordances and sensory affordances are not facilitated, the number of errors and the time taken to complete a task are significantly increased, particularly when the task has a degree of difficulty. The user perceptions are also more negative. They tend to feel less satisfied, less stimulated, less confident and understanding is perceived to be less. The results presented above indicate this and none of the results contradict this reasoning.
V. FURTHER WORK
As stated above, the anthropomorphic condition was deliberately developed to facilitate the affordances and the nonanthropomorphic condition deliberately and subtly violated the affordances and generally the expected results are borne out. The next stage in this work should continue to address the anthropomorphism issue and a future experiment will have an anthropomorphic condition that violates the affordances and a non-anthropomorphic condition that facilitates the affordances. This way forward should give further clear indicators that the affordances are possibly more crucial for usability than the actual anthropomorphic presence. 
